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EESEARGH MEMORANDUM

AN INVESTIGATION AT LOW SPEED OF A LARGF-SCALE TRIANGULAR
WING OF ASPECT RATIO TWO.— I, CHARACTERISTICS OF A WING

HAVING A DOUBLE-WEDGE AIRFOIL SECTICN WITH
MAXTIM THICENESS AT 20-FERCENT CHORD

ByiAdriqn E. Anderson

SUMMARY

5

£n Investigation hes been mads of the low—speed characteristics
of a 25-foot span triangular wing having an aspect ratio of two,
airfoil section of the wing wos a gymmetrical double wedge with
5—percent meximum thickness at 20—percent chord. Force and moment

data were obtained at several angles of sideslip for verlous conflgp—

The

rations of 18.5-mercent aroa,_conshant—chard_split flaps, J0—psrcent—
chord nose flaps, and semispan split—flcp-type allerons. Lift end
drag data were cobtaelned from the plain wing throvgh s limited angle—

of-attack renge Zor Reynolds nunbsr varying between l3 and 34 million;

as based on the mean asrod:mamic chord.

The results of this investigation show that there are two
regimes of force and moment cherccteristics exhibited by the wing,
the transition from one to tiae other bpeing indicated by brenks in
the force and moment curves, These brecks, which occurred at
different velues of 1lift coefficlent devending upon the wing
eonfiguration, are belleved to indicate an intense separcted flow
at. the sharp leading sdge of the wing.

l.

2’

3.

low the breaks 1t wos concluded that-

Spiit flaps had moderate l*ft—proauring and tr*mming

effecitiveness.

There was & 12-percent static margin in longitudinal
atcbllity about the one—quuiter mean asrodynumic chord.

Dihedral effect and directionnl stability increased with
increasing 1ift. ' '
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k, ZLatersl control remsined constant, except in sideslip,
when the effectiveness of the downstream aileron
dropped off. - : -

5; The wvalues of rolling and yawing momen te veried quite
: uniformly with Increasing amounts of elther sideslip
or oileron doflicction.”

6, Nose flaps were of no benefit as 1ift devices.
Above the bresks the Pollowing cherecteristics were obtained:
1. Split flaps had low lift-producing effectiveness.

- 2, Thers.was & reduction in the amount of statlc margin in
' longitudinal stabllity.

3. Dircctional atablility, dihedrsl effect, and lateral comtrol
dropped off rapldly wilth increasing 11ft coefflcient.

k.,  The values of rolling and yewing moments changed rapidly
with increasing amounts of elther sideslip or aileron
Jdeflectlon.

5. Any beneficlal effects of nose flaps were obtalned at the
secrifice of other favorablb characteristics.

IntroductiOn'

Wings of trianguwlar plan form have become of Interest recently,
perticularly in the search for wipgs suitable for high—speod Flight.
© Until now, however, practlicelly all available aerodynamic information
on wings of triangulay plan Torm has been confined to studles of
small-gcale modsls. In order to cobtain data for a large-scale wing
of trisngulaer plen form, having an aspect ratio and maximum thickness
suitable for supersonic flight, an invéstigation has been conducted
in the Ames LO— by 80—Foot wind tunnel. The results of this investi-
gatlon, which gre for a wing of aspect ratic two and & maximum thicle
ness equal to S-percent of the chord, are reported herein. Although
only a brilef anaslyais of the dats hep been made at this time, infor—
matlon has been provided which will allow an insight Into the low—
speed prohlems of a wing sulitable for supsrsonlc flight,

lii .
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.- - SYMBOLS AFD CORFFICIENTS

The standerd NACA coefficients end symbols used within this

report are defined below and in fizure 1:

A
&

a5p

%)

7
sspect ratio f E)

\ S 4 _
free--stream angle of attack, degress

ra.te of change of angle of attack with flap deflection for

congtant 1ift coefficlent . -

incremsnt of angle of attasck due to wind—tunnel--wall
interference, degreos

wing span, foet

engle of sideslln, dogrees

wing chard,-_mﬁasured parallel to air streoam,  feet

mean asrodynenic chord, msasyred parallel to elir stream, feet

wind—ttmr_el—test—eection ares, pormal to alir stream, aguare
foet
-~ N
11ft coefficient | %ﬁ\ -
a -

A
~

drag coefficlent / ——=
\ &8/

increment of dreg coefficient due to wind—tunmel-wall
1ntefferen\,e

/ pitching moment )

pitchi_ng—moment coe ficient - -
o \ gS¢c y
v - Y
rolling-moment coefficiént t\ 39}3'5‘%&"@3)

s:.d.e—forca coefficlent KSid'e f_g_g‘_g_s)

rate of change of ra.'tling--mmnsnt coeff‘icient ~with sldesllip,
per d.egroe
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rate of change of ya.wingmomsnt coofficient with sideslip,
per degirea

Cig rate of change of rolling—moment coefficiont with alleron
& angle, per degree

Cnﬁ rate of change of yawing--moms nt cqpfficiont with aileron

a a.ng'Le, per dagrea B _ i
Bg apllt-flap—-type aileron deflection, mcasurod. parpend.icular
. to hinge line, degrees’
Be "eplit-flap deflection, mea.surad pe'*pandioular to hinge line,
degrees _ i .
By ‘ Wind?-tumiol:-vmll~interf'erenco correction factor -

L/D  ratio of lift to dreg

v kinematic viscosity, sqﬁare feet per secaond
q dyrnemic pressure, pounds per squere foot -
R Reynolde number (YL") i—
SNV )
8 wing_‘a.rea; gquare feel
v froe-stream velocity, Teet por seccond -
EQUIBMENT

" The plan form of the wing was that of an isosceles triangle
with an apex angle of 53.13°, vwhich mado the angle of sweopback of
tho leading edge 63.13° and the aspect ratlo two. The wing had a
symietrical double—wedge alrfoll séction with a mexiimm thickness
of 5 percent at 20 percent chord. The princlpal dirnensions of the
wing are glven in Tigure 2. :

The structure of the wing consisted of g plywood skin attached
to a steol frame which was built around & boxed-in H-beam, the latter
sorving as the tail boom. It was nocessary to use a tall boom for
mounting purposes wlth the strut arrengement omployed. )

The hinge line of the split flaps was located parallsl to ’t.he
trailing edge of tho wing. The spen was torminaied at the-line of
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maximum sirfoil-ssctlon thickness (86 percent of the wing span),
thue establishing a flap area equal to 18.5 porcont of the wing
erea. (See fig. 2(b).) These flaps could be attached to either
the upper or lower surface of the wing, were adjustable through =&
flap deflection rangs of 600;-and wore divided at ﬁhe.ceqter line
of the wing so that split-—flap-type allerons could be almilated.

The lO—percent-~chord nose flepa extended over the same porcont
spen as the split fleps, and were deflected forward and down %o a
fired sngle of 1k.5° (messured parellel to the wind stream end with
refersnce to the projected chord plane of the wing. (Seo fig. 2(b).)
The leeding edge of the nose flap was rsinforced wlth tubing of
varying dlemeter which.formnd a nose radius averaging approximasely
0.002¢c at sny point.

Flgure 3 presents general vlews of the wing for various
configurations,

TESTS

Force and moment date were obtalned through the engle--of-—
attack range at various angies of sldsslip for the plain wing,
end for the split £lap end the split—flap—typo-alleran confilgu--
rationg of the wing. In the case of the nose flaps, however, date
wore obtainsdé only at zero angle of sideslip. The mejority of ths
inveatigation was conducted &t dynamic pressures betweon 15 and 25
pounde par square foot which corresponds to s Reynolds number rangs
of epproximately 11.8 x 1G® to 15.k x 10° as bmsed on the mezn
serodynamic chord. ©LTift and drag data wsre obiaincd for the plein
wing through a limited angle—of-sattack range ot Reynolds nurbers
between 13 X 108 and 3% x 108. Table I coniains a surmary of the
various configuratlons tested. _—

RESULTS

The deta are presented about the stebllliiy axes with their
origin located at 50 percent of the rcot chord; which corresponds
to the intersection of the rcot chord and a line Joining the gquarter—
chord statlon of the mean asrodynamic chcrds. . )

A1l the data have been ccrrected for air—stresm Inclinetion znd
for wind—tunnel—-wall effect, the latber correction being thut for e
wing of the sames spen but with rectangular plan form. The fcllowling
corrections, baged on the theory of roference 1 for a wind tunnel
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with oval cross soction, were applied:

op = 8 £ O x 57.3 = 0.732 ¢

4.

Opp =8y .§ O = 0.01277 ¢

wvhere -

8 = 0.1167 and C = 2856 square foet

Consideration of the forces scting on the tail boom indicated
that ite taré effect would be negligible, Drag and pilitchins-moment
tares resulting from strut Intorference, based on taros obhalned with
a rectanguler wing, were applied to tko data.

Teble I, the summary of the gonfigurations tested, should also
serve a8 an index for figures 4 to 13 iIn which the besic dats aro
pregented. ' o R ' '

The aesrodynamic effoct of the gap bebween the two halves of the
split flep (fig. 3(b)) was investigated by esaling the gap. The
effect, as shown in figure 5 for a flap deflection of 29.5°, wes
considered to be nogligible; honce, the gap waeg left unsealed for the
cther flap deflections.

DISCUSSION
Longitudinal Characteristics

The lift—curve alope through zero 1ift for the plain wing was
0.0LO per degroe compared to 0,045 as prodicted by lifting surface
thoory (reforence 2) for a wing of aspect ratic two. The .theory of
reforence 3 gives a valus of 0,055 per degroe; howcver, this thoory
is applicabls only to wings of very low aspect ratio.

The maximm 1ift cosfficient of 1.36 obteinod with the plain
. wing compares. favorgbly with that obteined on wings of conventional
plan form and aspect ratio. However, Cr is obtained at -32° angle

of attack, whlch results in an oxcessive landing attitudo. ' -

The discontinuities which appear in the 1ift curvos shown in
figure 4 are belicved to be the result of boundary-layer separation

around the sharp leading edge of the wing. This typo of flow has boon

la

L ']

1%

b
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previously discussed in reference 4.  The severity cf these breaks

and the value of ¢t at which they occur increased with incressingly
positive flap deflection; whereas Increasingly negative flep deflsctions
had the opposite effect.

The lift—producing eff‘ectiveness of . eplit fleps is usually
represented by the parameter oge ; howover, for this wing the use af
e leads o an erronevas irtarprotation of flsp effectivoness.

It appsars from the Qgp CULTO (fig. 14) that the lift-producing
sffectiveness is the same (—0.23) above and below the bresk in the
1ift curves. (The irregularity shown on the curve is a result of the
progressive change In the magnitude of the broesk end the angle of
attack at which 1t occurs.) Since S5 roprogents, through zero

"flap deflsection, the rate of change of angle of atiack of the wing

wilth flap defloction at a givon 1ift coefficiont, congideration )
mist be given to the incremeont of 1ift dus to e given Il’p deflsction
at various angles of atiack (fig. 15). In the range of angles of
attack below the break in the -1ift curve (represented by a = 0° and
13° in fig. 15) tho lLift~producing offectivoncess holds gquite well
with Increasing flap deflection; whersas beyond the broak the rapld
reduction in lift-curve slope causes the etfectivepess to drop off
rapidly (shown by tho ourves for - o = 19° end 24°)., For ths negative
flap-deflection rangs tosted there was 1ittlas or no changs in the
almost linsar varletion of flap effectivences.

The curvs for maximem iift ip figure 16 indicates that the
largest increment in Cp which could beo obtained from the aplit

flaps was 0.0k at an 18° flap deflsction. Correspondingly there
was a reduction of 2° in the anglo of attack for GLme:x- Further

increase in flap defiection resulitod in & lces in 11if§, until at
59¢ flap deflection the value of Cp .. drcpped below that for the

plain wing by an incremcnt of 0.08. It 1s thus apparent that split
flaps are of l1ittle or no value In increesing Cy

The use of noge flaps resultesd in en Increase in 1ift ove*' tha
plain wing configuration et englos of attask greater then 18%; up
to this point thers was only s slighs roduction in 1ift.(Spe fig.6(a).)
At maximm 1Ift there was an Increese In -chax of 0.25; however, this

goin was roalized only by going to 5° higher angle of attack  (389).

- The use of nose flaps in conjunction with split flaps falled toi
alter the split—flap effectivencss appreciably as regards to maximum
11ft; that is theo 1ift curve for 44.5%° flap deflcotion still dropped
below the 1lift curve for 22,0° flap dcflection at high sngles of
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attack., By the use of nose flaps in conJunction with spiit flaps
déflected 22.0°, a galn of 0.27 in cLﬁax over the plain wing was
realized by Increesing the angle of attack from 33° to 34°.

It should be noted that the drag curves of figures 4(b) and
4(c) exhibit breaks corresponding to breaiks in the 1ift curves and
increase in severity with increasingly positive flap-deflection
angles. The minimum drag of the plain wing decreased from 0.0091
at a Reynolds numbexr of 1k X 108 to 0,0080 at 34 x 108, as shown in
figure 7. The lift-drag curves of this figure do not cover a suffi—
cient.1ift range to determine if there im a change in the drag, due
to 1ift over the Reynolds number range considered.

The maximum lift—drsag ratio of 10.1 (fig. 17) was obtained at a
Cyr, of 0.17, which 1s well below the.Cy range for low—speed flight.
Beyond. this point the valus of L/D dropped off rapidly to,the very
low value of 1.6 at Clygy. It s noteworthy that the L/D curve for
a 22° flap deflection is coincident with that for the plain .wing at
large values of 1ift coefficient. - -On the other hand with the flaps
deflected —£2.CC as for trim at QL 0.81 (a = 22°), the value .of L/D
was 2.3 as compared to a value of 3.4 for the plain wing at the same
C1,. If landings are to be made at conventional values of wing load~—~
ing and L/D (6 to 7) the curve for the wing with zero flap deflection
indicates the necessity of laending lift coefflcients as low as 0.k,
Since, ad previously noted, any attempt to trim the alrplane will
cause the L/D to drop, it becomes apparent that power will be noeded
to maintain a sizeable L/D in landing.

_ Longitudinal stability,about the one—quarter mean aeerodynamlc
chord peint was mainteined up to and through the stall except for
the unstable breaks in the moment curves (fig. 4(d)) corresponding
to the breeks in the 1ift curves. The average value of dGm/dCL
between & lift coefficient of O and 0.6 was —0.12 which indicates
an asrodynamic center (neglecting dreg) location at 37 percent of
the mean aesrodynamic chord. The correspondling location on the root
chord is 9 percent. shoad of the centrold of area, that is, 58 percent
of the root chord.

Large flap deflectlions produced a destabillzing effect at 1ift
coefficients above the break in the curve. .For example, 'de/dCL
varied from -0.14 at Cp, = 0.k to -0.09 at Cy, = 1.0 with flaps
deflected 22.0°; and from --0.15 to ~0.02 over the pame Cj, range far
flaps deflected 59.00. The severity of the breeks increased wlth
increagingly positive flap deflections and reduced with increasingly
negative deflections.

]



NACA. RM No. ATFO6

The effectivensss of spllt fleps as a trim device; that ls, when
deflected negatively, was relatlvely unaffected. by the bresks In the
pitching-moment cwrves (fig. 18). However, at positive deflections
the increment ¢f pitching moment held up quite well for angles of
attack below the break in the curve and dropped off ra.pidly at engles
of attaok above the 'brea.k.

Wose flaps (fig. 6(c)) not only caused a re&uction in the pitch-
ing moment, but produced & greater .8tability change in going from
Cr,'s below the break in the curve to Cy's above. Note the reduction
in the amount of longitudinal stability at low values of Cr, and the
neutral stebllity at high Cr's for the plaln wing (instability when '
deflected in conjunction with split flaps.) Alsc there was little or
no reduction of the breaks in the pitchine;-momenﬁ curves when the
nose flaps were deflected. . :

Lateral Characteri gtics

‘Ehe lateral characteristics of -bhe trie.ngular wing, as deter-
mined from thé basic data in figures 8 and 9, are sunmarized in
‘figure 19. The plein wing hed & positive dihedral effect which
increased steadily %o .a meximm value (CZB‘ =0.0020) at a 112%
_coefficient (Cp, = 0.55) which corresponds approximetely to the
- point at which a change takes place in the type of f£low over the
wing. Beyond. this point there is & gradual reductlon in CIB '
untlil at Cy 1t was approﬁ.ma.‘l:ely one~third the maximun value

Part (b) of the same Fflgure, contains the curve for the wing with
split flaps at 44.5°, The genersal pattern of the curve is the same
as for the plain wing. The abrupt reduction near the peak is the
result of the break in the C; against Cj ocurve for -3.7° side-
slip (fig. 9(c)). It is quite- poesible that this breask was due to
some asymretry of the flaps, for there was no corresponding breslk .
In the baslc curves for the plain wing. Unforitunabtely no detz were
obtained at +3.7° sideslip with flaps deflected 4&.5° wiich would
permit e verification of the model asymmetry theory. ’

The Cip cui'ves. are drawn gs dashed lines at large values of Cf,

to indicate that in thls region the wing exhibited a nonlinear
varlation of rollling moment with sideslip. Typicsl exammples are
shown in parts (c) and (d) of figure 19 es curves of C; against B
foxr va.rious valuea of Cy+ In -the case of the plain wing the curve
for Cr, = 0.10 1is spproximately linear up to 16° of sideslip, while
the curves representing -Cp = 1.02 exhibits 2 sudden reversal in slope

—— mm = s s o=
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beyond 8° of sideslip. Somswhat similar conditions existed for thse
wing with flaps-deflegted Ly, 5 . Hence, the CZB curvea should be

considared as indicative of the ccndition existing at + 40 of s1d6—
slip, . . ) .

Split—flap~type alleron sffectivenass is sumarized. in fiowre 20
from the data in figures 10, 12, and 13. (Fots -that only cne aileron
was deflected at a time.) . Aileron effentiveness at zero gidealinp
(F15 = 0,00080) reme.ined constant up £0 approximatelj the* llft coeff*

clent (Cr, = 0.50) at which .thers was & change in the type of flow.
over the wing, . and then dropped_to only one-half the-originel value
at CLmax- At 11,9° sidesliyp ‘the left, or tralling aileron indicated
more effectliveness theén the right one at low values of Cr, but its
effectiveness dropped off repidly until at e Cr, of .8 it wae lass
effective than the right one. The C;Ba_curges have been terminated

at a Cp, of 0.8, since beyond this vaelue the cuvrves of rolling-mament
coefficient againat silorcn deflection show extreme var.ationas from
linearity. .In part (b) of Pigure 20, it 1s shown that rezsrdiess of
the value of Cj, there 1s = reascnably linesx varistion of" C3 witn.
Be. at zero sideslip, while in parts (c) and (4) for 11,9° sideslip, -
thers 1s pronounced nonlinearity at large valucs of CL. It 18 obv*ous
that teklng the slope of these cwrves through Ea = 0 weuld only lpad
to an erroneous 1nte*prstatfon of ailerop effectlveness.

Direc+1onal Charaoter s*jcs

The plain wing exhibited inc“easina directional stability
{dCn /a0y, # 0.0010) up to a Cf = 1,05 with and without flaps
deflscted (fig., 21, a sumary of figs. 8 and 9). Beyond this point
the directlonal stability decreased rapidly to zero at the siall,
It is of interest to note that the directicnal stability did not
drop off when the flow over the wing changed at a lower 1ift coeffi-
cient. However, above Cp, = 0.8 there is a pronounced nonlineai
variation of Cn with B, particularly for sngles of sidéalip
greater then 8° as shown in figures 21(n) and 21(d)}. The Opy
curve 1s shown as & dashed linc in this regicn., The slight dip in
the curve at a Cr, = 0.85, for the- flaps—deflected condltion, corre-—

sponds to the break In the correspond’ng CzB curve of figurs 19.

-The deflecuion of a singls aileron pvoduced an adverse yawing. -
moment which varied almost lincarly (dcna /acy, = -0, 000?3) with

increasing C1, for the two angles of sideslip consldered: 0% and ll,9°.

(See fig. 22 for & summary of figs. 10, 12, and 13.)
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Particularly noteworthy 1s the fact that when. tne wing waa at high
angles of attack and 11.9° sideslip the ailercns exhibited different
yawing-moment characteristics, depending upon which direction they
were deflected. - (See oxamples in parte (c) and (d} of fig. 22.)
Undér such circumatences the value of 01_-15& becomos Iinaignificant,

since Cn5a. is the rate of change of Cp wlth By through &g =
For this reason the curves of Cﬂﬁ& heve been terminated at a
Cr of 0.8. T

CCNCLUDING REMARES

Tt eppears from the results of this investlgation that thers are
two types of flow over the wing, typified by smcoth flow at low 1lift
coefficients and by senaration off thne sharp lsading.edge at high
11£% coefficients. The tranaltion from one type of flow Lo the other
was ‘lndicated by bresks in the force and mament curves. Thess bresaks,
which ocourred at different values of 1ift coefficients, deponding
upon the wing configuration, indicats the division between two
generally different regimes of wing characteristics.

The maximum 1ifi coefficient of 1 .36, obtainsd at an a.n:sle of
attack of 33°, for the pleln wing was increamsed to only 1.40 by the
use of 18.5-percent—avea split flaps deflected 18°. Flap deflections
greater than 18° resulted in s reduction In Cf until at 59,0° the

Clmax Was less than thet of the plain wing by 0.08. The use of 10— .

percenti—chord noge Flapas deflscted 1k .5° produced & maximup Lift
increment of C.20 for the plain wing, but increased the angle of
attack for maximum 1ift to 38°, The wing has longitudinal stabllity
about the one—guarter mean aecrodynamic chord point (averagze

%—gm = — 0.12 for the pla*n wing) up to a.nd through the stall except
L

for the unsteble breaks in the moment curves nesr O.T lift coefficient
and except for very large flep deflections, which indicated & strong
destabllizing effect et 1ift coefficients gbove the breek, The wing
exnibited positive dlhedral effect and dirsctional stabiliity in side—

7 ac ac . N
slip \ac—;ﬁ = — 0.0035; Ec-zﬁ@o.0010, for tho plain wing j but the

values of rolling end yawing moment changed ebruptly at large angles
of attack in sideslip. Allorcn effectivenecss (015& = 0.00080)} was



meinteined up to a Cr, of 0.6 end décreased only slightly thereafter.
-.The rate of change of adverse _yawing moment; with alleron deflection

increased_ almost linearly With life coefx icient <———§ﬂ s~ 0 oco33);
however this parameter was grea.tly in.f‘luenced by the direction of
the alleron deflection at large valueg of 11ft in sldeslip,

Ames Aeroné.utical Laboratory, ' -
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE T.— SUMMARY OF CONFIGURATIONS INVESTIGATED
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ure Sideslip| Flap | Flap Number Pregented
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5.59 11.8¢168 | Cp vs [ c
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Lk 50
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Gep 15,5108 | = — - —
_ No G‘ea.p_ _
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—£2.0%;-11.0° . o
"0.0%; 11,00 15.4x108 Cr, vs C?.
11 L, 20 —_—— - | - —_ - Right g;_l
- 0.09; 11.0°
12 11.9° - - Right,-22.0°
: ' ~11.09% 0.09;
L 11.0% 22,0°
13 11.9° _——— = —— Left, —£2.0°;
—11.0% 0.0°
11.0°%; 22.0°
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ARE SHOWN AS POSITIVE.
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Figure 3.~ Continued,

(b) Split flapa at 29.5°.
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(c) HNose flaps at 15° plus split flaps at 22°,
Figure 3.~ Conoluded,
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